Abstract-In lossy medical image compression, the requirements for the preservation of diagnostic integrity cannot be easily formulated in terms of a perceptual model. Especially, since human visual perception is dependent on numerous factors such as the viewing conditions and psycho-visual factors. Therefore, we investigate the possibility to set criteria for data loss, based on the characteristics of the acquisition system. In general, medical images tend to be relatively noisy, due to the low patient dose. The nature of the noise is usually known and partially uncorrelated. In addition, the systems modulation transfer function (MTF) imposes a known spatial-frequency limitation to the information. In the assumption that noise which is not correlated with the signal contains no diagnostic information, we derive compression criterion based on a physical model of a digital cardiac cineangiography system.
INTRODUCTION
An important issue in lossy compression of medical images is the risk of destroying diagnostically relevant information. Current lossy compression standards, such as P E G and MPEG, are designed for conventional still-image and video display. These algorithms are intended for viewing situations in which loss of image detail is not regarded as a loss of information to the observer, but is primarily assessed in an aesthetical sense. The data omission in conventional lossy image compression is mostly based on commonly accepted models of human visual perception [I] In this paper, we derive a compression criterion which is not based on properties of the human observer, but on limitations of the image acquisition process, in which noise plays a key-role. The paper focuses on a cardiac X-ray imaging system, using an image intensifier-TV system.
THEORY
Discussing the image statistics of cardiovascular X-ray images, we can distinguish two statistics: the statistics of the medical data and the statistics due to the acquisition process.
The statistics of cardiovascular images fit very well to a first-order Markov-process [4]. In addition, the quantum noise due to the detection process can be modeled by a Poisson distribution of which the mean value is determined by the photon flux detected at the entrance screen. The total is low-pass filtered by the MTF of the system. Clearly, due to the Poisson nature, the quantum noise is correlated with the medical data.
We assume that, in the hypothetical case of an additional Gaussian noise component which is not correlated with the signal, the noise contains no diagnostic information. In a spectral description, any component solely associated with the noise can be omitted in compression (and possibly regenerated for perceptual motives) [5] . I n order to delete the diagnostically irrelevant components, we seek a description of the acquired data in a form of which both statistics can be observed separately, preferably by creating two independent stochastic signals.
Filtered Poisson noise process
The number of detected photons per pixel at location ( 2 ,~) is a random variable n(x, y), which is a matrix with Poisson distributed data with mean An(%, y), corresponding to the mean photon-flux variation. For clarity, we observe the one-dimensional signal n(z) and simplify the analysis by considering a constant mean A,(z) = A, A signal f is formed by convolution with h, the impulse response associated with the MTF. The signal f is a process known as shot noise with mean pf and variance a;, f = h * n; with (2) To evaluate the suitability of transformation (4) to a filtered Poisson process, we assume that A, is large enough to approximate both the Poisson process n and filtered Poisson process f by a Gaussian noise process. For n, mean and variance are equal, pn = A, and U: = A, respectively. For f , however, mean and variance differ by a factor ,/3 which is independent of A, 0-7803-38ll-1/97/$l0.00 OIEEE which results in a noise power spectrum which is independent of the mean photon count A , , With (1 1) and (lo), the power spectrum becomes A practical value of the frequency scaling parameter is wc = 1.77 [lo] . The corresponding normalized spectrum is depicted in Figure l .
Experiments have shown that cardiovascular images can be modeled by a first-order Markov process with the comelation coefficient p = 0.99 [4] , which seems to be in agreement with the value reported in [3]. The power spectrum of a first-order Markov process [ 1 11 is given by ments [SI indicate that the signal-to-noise ratio is such that a separation between the signal components and the quantumnoise components is possible.
CONCLUSION
We have determined an expression which transforms a filtered Poisson-distributed signal into a 'noise-free' signal tcrm and a noise term, uncorrelated with the signal. In addition, an expression for the noise power spectrum of the transformed signal has been derived, which is based upon a model of a cardiac imaging system. In case the acquisition parameters are known, the true amplitude of the noise power spectrum can be estimated.
